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(54) TRANSMITTER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a transmission 
apparatus having a versatility which automatically sets 
an optimum point at a high accuracy, for improving the 
reliability and the quality of the signal regeneration 
control. 

SOLUTION: A clock-i:iming extraction circuit 10 variably 
sets a frequency- dividing ratio, based on the 
transmission rate of an input signal, performs phase 
synchronization control, so that the phase difference 
between the input signal and an oscillation output is 



constant, and tracts a clock timing according to the 
transmission rate. A regeneration control circuit 20 
sweeps voltage threshold level and the extracted clock 
phase one after the other with respect to the input 
signal, determines whether the levels of adjacent 
monitor points agree to automatically measure the least 
error occurrence recognizing point in an effective region 
of eye pattern, and takes this recognition point as the 
optimum point for executing the regeneration control. 
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Y / - xD^^Sd^igl -e (Dg t X ^ — ^^cD« t ^lisij 
3b^t>m*4^^Ci:*l^lSi:■r-5S*]l1iH«<Z>e 

miB¥i$i<b^ift(css-r s c it *isai: r -Sit 3ft^ 2 13 

Sir. |iriB^P'><7 0i4ffi*ISS-r^^P->^<4ffi^^ 

So 



[0001] 
[0002] 

^fa<ba^l::|S]^tT^itlwiHfSA<iiA/Ta^-5o 

[00 0 3] *iima)iiiia§af*. 3a«^sg<D 

2. 4Gb/s;5)^t) 1 0Gb/s->.«!:^yg;f^yooj5 
c:0<fc5 3S:lal«O:^§«iS5i<blc^-^r. 

[0 0 0 4] 3feSma(7>S*6^*Slf^<t LTtt. SflL 

^Tor. ^^b:7-r/u^T?»fl^SJ^&i;st#0««»JlB* 

JS-To ^LT. -^i-f S>^ttfcbaT'^P*:/^^-< SXf 
^ttdiL. ^»J*iJ^S5TMitttiS**tfc(^a8^P';/^lct 
i:-5t>T. -1". -O" aJSI^iJWS^lTor. -x-^ 

x^~u-h («^-^^y*) it a icw^-r 

[O O O 5] 

SS-ei*. -S^-r 5>yaai3fC»L. saw (surface Ac 
oust ic Wave) :7 < A^JS < ^ tlTjJ y . SAW 

. :7 < ;u$t * ffli^r A*<i-^A^ p ^ -< s > 

[0006] ^tZ^T-f/N'^SIfC^LT. 
/<a>SSf^liifi^:^lwJ:ya7S:y. 

-So 

[0 0 0 7] tS*<D3tS{iS5Tr(i. ifi^:g^tJtlZcfcy^i: 
^;:^J^Sfe4b^S!l^L. ^SiJfiJ^gplc^Mt-5g3l^^. A 

^^^^rdii^izii. sa(Da!3tisp>o#^sg. en 

[0 0 0 8] *^^(iC(7)cfc5?S:ii^fcg^r3Sr^;h.frt 
CDtrfey. gaiw3lffltt$i#fc-fr. 36>ogi®i|gSSg 

a a> isiji * 0 o fc ^^sa * s«-r ^ it * B w it f 
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[0 0 0 9] 

a-r-&/cA6iz, Hi ic^^-Tcfc^*. m-^o>m±Mm^f7 
^^-f 5>yttajiaiBi ots x^mmzttL. m£EL 

[0 0 1 o] CCtr. ^P^:;^^^^ 5>yatHlHJi»l O 
[OO 1 1 ] 

[0 0 12] <?av<?^-( 01*. A* 

Lt. A:^^^t^litf3*«ta>ttffi^3b<-S(c<t^«fc3 
|r<i4SI^^$!l®^fT3o ^LT. eiSIU- h lets etc ^ 
P*y^^-r S^^'^tttb-r^o ia2--S5-ePffl(r|tt^ 

[0 0 13] n±Mmm&2o\t. 2<:hm^\z^L. m 

EL^t^fflU^;u«»:. aaiLfc^P-><7CD^P»>^e:ffl 
jaiilt T? 0) t X ^ ~^^(7) t N^Si] ^ ^ S a fit| (c Sij 
[0 0 1 4] *lc^P'>^^>r s^-i^tttlilelKi o(c-3 

»i ocDSffi^^-ra-ei&^o -i^p-y-j^^-r 

SKI oli. iifflltK^Si 1 . ¥i^^b^Si 2. me 

®lffil^S^©1 3 (iSlT. VC0 1 3) . ^^^Sl 

4. -affil^ffl;u-:fS!i®^Si st^i^m^^ti^o 
[0 0 15] ^tz. -afflifcS^ei 1 li. 2r:><oy*j^> 
yya^y C)iiT. FF1, FF2) irSfteSSfom^^ 



EOR1) AxP>«/a**t. ^JS^b^Sl 21*. 
T>::^12a. P— /<X:7-f 1 2 b (islT. LPF 
12 b) ;&vt)«^SF4x^o 

[0 0 16] fiffiitR^si 1 li. seuyiA^w-^ 

<b:. 5>^^P'y^CK2<tOSaaa>e4i£itRLT. 

I*. 7'>::^i 2 a*iii:TA:tj**i/teffiM 

1f«^b**tfc/^;UX^J) L PF 1 2 b|cj:ys|ij^^b 
(;SS»*»^jSBfLTlI3S1b) LT. MSSSV c * 

[001 7] VCO (Voltage Controlled Oscillato 
r) 1 3li. UmmKV c\ziJtr5l^X. f^«^P*>^ 

CK1 (isiT. vco^ p->-i7 CK 1) 

33. VC0 1 3(i. A:/D{i^(Z)aiilu— hcosig^iftifc 

mtsti. VCO-:? p-/^cK 1 *»SLT. i^m^nv 

[001 8] Zw-e. :^»j»^si 51*. 

*ijffl)aEv c LTfcy. siJWBffvcA^ 

fct)*>i:a6ies&LfcL^ixfit (TKL^i^fiiv c 1 . ji 
KL^t^fflvc2) a>eHrtiwfe^ANS*>***jBTf -So 

[0019] *iJfflimEVc35)<!SSI6Hrtlzfc*ttf (vc 
1 <V c < V c 2 *5liy=i±(*)— <^ 
L) ;&<P-v^ (LOCK) «St:fei»i:g^-r-&o * 

tz. pmmmv cii^wt^mmi^izijiifitii (vc 1 <v 

c <V c 2^-;il/i:*ftlt*ttf) . PLLA<T>P-:/^« 
[0020] -^LT. PLLOP^y-C^H+tOii'&Clf*. 

i&« L T ^ P ^ ^ >r S >^(DttJ±J Mffli * fr 3 o 
[002 1] cc-e. »S11:»±. vcoi 3(D«S^a 

a<7)nr^®Hl3j:y9iS-r^o l/nCO^^^^fr 
a^'^^^l 40 "n" <D3iSlz(gLTIi. VCO<7P 
•V^CK1(D^P-V^U— HcJfLT. i!fC^-^U— h 
oeuxi /n<§7^-^(7)A:^{i-^^T-«fti:-rS*McJ: 

[0022] fi4e^a8;u--?S!i®^si 51*. m 

mm^\fct^ is^L/c^^it^t^iBULrfcy. 
SA^i*. mai©rLfcBtriHi<D^^it^^^^^i 4iza 

^f-S (ytfiL. PLLOP^^^Ii-rtvltffil*. PLL 
A<SS<b-r-&*-e-7x>7-r^) o 

[00 2 3] A:tl{i-^A<©TLfrli^(C[* (A:tl 

m-^^mtLxi^ih'r^mcoyjm^mi^^) . s?Bua>$3 
^m^v c ^T>:^i 2 aiziimLr. Sritrco^Pv^ 

^«»^VC0 1 3Axf>^S$-B--&o -<D<fc3 3S:SQai* 
^T5C^:t?. -S^P-y^SII&CDS^ib^g-S^irj&^RrffiJr 
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[0 0 2 41 n^um\Bi&2oa>mmx'. 

KyucD^:7-tr-; hliS$fTl>. VCO^ P CK 1 0) 

a^s^E^b^1±^®JffllJ6^^Tt>*t-So 01 4-ai s-e^ 

[00 2 5] *lzefflJt«^mi 1 lcot^TK^r-5o 
S3'-ig5(i(4fflitS^iSi 1 a>af^*^t-^Y 

[0 0 2 6] oyMs.%0>^uv 

^-r>— i?-esr) <D1 f^:; hl*ii::^>a^P»:;^CK2 

&l^y■cFF1 aa*^. ifc*»Tyx-;;i;T-iT*»ai>fcF f 

2ai*A<StMr9 O* -iaffl<3>-r*tfcr— ^-hftSo C(D 
FF1. FF2ai:^$. EOR 1 l-ctyitS-r^it. 
3.-^^ (Duty) =5 OroOfiffiHT^— ^ ir^C-Sp 

[00 2 7] ^LT. c:a><iffiS-x-^*LPFi 2 b 

#<Dm<iV 1 «tv-xzL— 0%CD<t^(^m<i V2 
^iDgiiCl^C^o Wx.li. LPF1 2b/><ECL (Emit 
ter Coupled Logic) mi-'XimiSLtS*lXl^hiS.^\t. V 
i=-o. 8V. V2=-1. 8 vSSi:«:-5<z>-e. v 
c=— 1. 3ytUh^ 

[00 2 8] 04T?i*. 03<Dtt8§A^t,x*^i-^(D^i^a 

(Dtlt>±i3< y X vi:*<Ott*,T y X v/i^Al^lM-^O) 
ig-^b^*^/=l^•C•t^^ (1 hrtlzA•:>TL^3S:t^) 

F F 1 a3:^3<h: F F 2ai:^(i9 o" -r^v/cT^— ^ir^S: 
y. EOR1 [Ccfc^<i4Bitgc3gm(i. ia3^|^ti(c-x3. 
-7"^ = 5 0%^^i:^o L/c*<oT. Xtim-^O^mu 
-h3&^lEt)t»*t^JEy. tefflA<^t>oTtEORdJ:ftl± 

[00 2 9] A*m-^a)fe3feu- hA<1 /2 

mo^a>^—^i)<Xti^tifz:ztx*. FFiai:tii:FF 

r. FF1. FF2aS**. BORMZ^lJitm-t^ 

[O O 3 O] C(7)ttffi||-x — ^ P F 1 2 b-e^J^^b 
Ltc*9SSffV cli. 5=a.--T-f 1 O 0%. 0%(Di:f6^ 
(DmiiVK V2lC^*L. aiiV 23!)^t, 1 /4±:^|Cfc 
^W^l^^^o LPF1 2b*^ECL (Eraitte 

r Coupled Logic) *^-e«^*4xr l^^* tf . V 1 
= ~0. 8V. V2=-1. 8Vm&tt^^0>X. Vc 
= -1.5 5 VitJSr^o 



[0 03 1] ca)cfc3f3. ttSltK^Si iT'li. A* 

fi-^fZJtL. 5^S^P'^^CK2(7)3t*>Ji;5^yx*;;i;-e 

^Si 2TM*. c:co«l£±iSSl::j£i:fcfflt9mffVc$^ 

[0 0 3 2] l>Ji±mmLfcJzolz^ :^^BMO<7nv<?^ 
•<S>y«ailal£5i ott. A:^fi-^oai3lu— hictt 

:tii:<7)efi^*<-^lc^i:^J:3lcPL L^iJffli^fTlV 

[003 3] c*Lizj:y. 9L*o>^5\z^ A^fi-^oe 
2IU-hS[ci^{bLfcSSil^$^T5je^^*<«:<. 

[0 0 3 4] ^\zm^%\m^m2 o\zr:>i\xiiimmL< 
mm^^o me\tm±Mmm&2 o(Dm&i7jk-rmx& 

So W^«!IfflHHll»2 0tt. mffL^l^fitUK;u (j^T. 
V r e f ) i£^^S2 1 . UK;U^J^SiJ^^®2 2. 

p->^a*sig^^^2 3. ^jsita«it^s2 4. mm 

[0 0 3 5] V r e f SS^S2 1 1*. SS^SS^S 

2 5a)V r e f ^S^JI^fC J: y fg^ V r e f fCcfc 

y. A*(t^*v r e f fit*siiiw^i^$ij^ (o, 1 ii 
mm&) Lr. A:tis^A>e,s»iS7^-^s^^-r-So 

iifiS^*JSi3ii;vco^p*>^CK 1 (z^<i:-:5i\T. 
p *>^cDiiffl* iss LT-i? p c K 3 ^ tb>3-rSo 

[0036] U^;b*I^*0(Sl^S2 2tt. >>P->^CK 

3 <Dm<7 P ^ Si;— ^^Palill^ ^-y-fcilJS^ UvO\Z 

.fc-s^^^-^ir felts. Biy^^^-^/-K>r>h(z>u 

-<;KD-att9S*$9^L (UK;u:f;-S[)5:C»x^-fc 
y. U^;ix-^?5:t,x^-;5:L) . fiJ^-tf ^^"T 
So *iJS1t«ftl$^®2 4(i. U'<;u«S$iJffli*S2 2 
■e(D«ai**tfc«^«ffi*«i#-rSo 

[0 0 3 7] fiil^^^^©2 5tt, CPUafig^^TL 
Tfey. V r e f i6^^S2 1 ^OV r e f WL^UU. 

<pnv<p ^ffliss^s 2 3 ^a>^^Wi^^m:BL'a^mt 

^® 1 2^a>^:7-fe'> hiSSMffl^^T-^T. V r e f & 

0>%i^mm&^m^\.. 't(r>mm&^WLm^t\^xm'& 

[0 0 3 8] 3felC*^WA<«alLyrt^BaS^lC-^l^-Ci^ 

L<i»?^-rSo S7ttr-</<^->$gieg-rsfc«)(0« 
^@-efcSo (A) i±3gscoT-r/<^— >a6j^. (b) 
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[GO 3 9] )^m^^itt^t^lft.\t. (A) O^oiSimm 

mmt (b) o^vta&momizi^^o 
too4oi Lfzt^-ox. m^^m±-r^\zit. -r-f/^ 

[0 0 4 2] ^%ma>n±mm^m2ov\t^ m^com 
x^^ittsT^mmz^^Lx-mmiiosv^msmtj: 

[0 0 4 3] *(ZW±*O»0»2 0ICOl^r. V r e f 

[0 0 4 4] 1^8 ttV r e f ^S^S2 1 Oifef^^^-T 

^■C'fe^o V r e f igs^s2 1 1±. ^mxpm^xm 

f&^tl. l^-CliPosltivefl!lCDA:^^^l3A*ii-^3&^ Ne 
gativeffla>A*aTlCliij:7 7U>xaff-efc-SV r e 
f A^A^f ^ (Positive(il::V r e f . Negat i veflS |C A 
:^fi^A<A:^3LT4,J:l^) o 

[OO 4 5] ^LT. A*m-^(CJ*L. V r e f 1 

-e "o" , -1 " mm^mmLfz/iji^:^ im&T'-^') 
[0 0 4 6] m^it. xtim^^ (m-/<;ux«t-r^) \z 

^L. V r e f 2i3<WLm^tltzm^lZ{t. m&^-^m 
2t^±mtS*l. V r e f (N-1 ) 

[0 0 4 7] a*. 50S7^-^OS«iA vfi. V 

r e f ffi(Z«cS-r-5a)T-f43a:<. VrefSS^®2 1 



[0 0 4 8] «xtf. A:^<g-^*<T-r/<^->Ea)«^ 

(C, V r e f 2 [y^Ji^X<P P V <7 C K 3 (7)<iffl t 1 . 
-^ttKYVKpI. p 2C0UK;^a>tt^|C'^l^T#X. 

'So 

[O O 4 9] i§St?^-r;:Kfl5W1 fZ^LTl*. Vref 
2(ZcfcySq^-T-~-Sim2 alC^»*ix-S« ZOt^O^ 

— ^7K-<>hp 1 G>u^;u (teffl t 1 a>^^p-y^cK3 

Xm^'f—^m2 a^n-^m^fct^a>iy<JU) It 
"L" . ^-^7K-f>hp2(7) U^JU (tiffi t 2 <D P ^ 
^ C K 3 -eUST^— $f m 2 a SiT^^lSt^fc i: *<Z) UK 

[0 0 5 0] Xm^X7f:-r^J\^W2^m?ifzm 
V r e f 2lCj:y^S-?— 4^012 b(cS8l**L$p 
z<7>i:^0^-^7K^> h p 1 fl)UK;u C^iffl t i 
P V-i7CK3t??13^T— ^m2 b SfT*»&t^f=^*(DU 

It . ^-^7K-r>hp 2<DU'<;u ((i«t 

2CD^ P«:/^ CK 3T?;ggS7^— $Zm2 b *iT*>tSl>fct 

[005 1] -r**?^. T^v-i;>a3s«ft<DA*{i 

^|C^L\ V f e f 1 lz^V±&Ltzm^'T-^^^- 

iz^Lx. <? CK scDiiL^^ t 1 - 1 N*-ex-r 

[O O 5 2] *lwV r e f 1 t> V r e f 2lCX-f — 
L. V r e f 2\Z^l)^^Ltzm^7'-^\zn\.X. ^ 

p-;^CK3(Diilf * t 1 - t N^trx-f — ::^LT-e# 

UK;u^fjJS-r^, )iiT. [^<ilcLrv r e f N*t?fT 

ori><o -€-Lr. z(D^o\zm^Lxmz\y^ji^(om 
[oo53]«j:i3. uK;u2NS"rK#^-^?K-f > hO 

^^■rsT'fcy. Si 1 liu^^uw^em^^LfcT-f 
/i^—>^7^-rmx&^o Si otDT-f/^^t— >Efc^t 

[0054] ^tz. Za>J:otji7^/i^ — -^E07^'^ 

-i?>*^SLru^«^S^-r035«@i 11?fc^o A 

:^{i^(DgiSjiJt;{j^ VCO^P-;/^CK 1 i:!^— fi|(D 

^ a> r -7 — V > 2ii s -f > — i; ^ ^ L T I ^ -5 o 

[0 0 5 5] SEWl3j*LTtt. -H" UK;U)bxP> 
"L" U^^bfal^l Olf^J-LT. 1 1;K-f>hOSH?K 
-<> h V r e f 1 - V r e f 1 1 ^S^t"^ (Vref 

<oi 1 4l^^^LT. 1 5 ?K-<> KD^«/K-f > 

h t 1 - t 1 5 ^SS-r* (ftfi^tt A T) o 
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^7t^^>ht<^ 1 XI 5 = 1 6 5 7K>r > h <t ?S: y . 

[oo 5 7] la-ei*. u^;u*^— a LTt^-57t^-r> 
'Sfc. ^3aMJ§R (u^;uA< -H" <t4i -L" <tt,tx 

[0 0 5 8] ^fc. m^mmmiz$>:b7^>c> hcoi^L^^ 

( t - 1 ) t Lfcli^. 1^ i: V r e f ±<D^^ t CDtK-T 

[0 0 5 9] m^lt. V r e f 2±-e. t 5 OtttS 

1 /I on=C/X 

V r e f (::»ori^»)S:«iS$fTdo 
[0 0 6 4] CCtr^K.ld!. Atim^(Dmm\^—hf3^ 
2. 488Gb/s (1 MMt^ 400ps = 400x1 
0-12s) -efcy. gSX^-U-h*1 OE-8 ( = 
1 0-8) t't^tj:^\t^ ^^mmxlt. X = 4 0 0xl 
0-12x1 08=0. 04e>i5:>S^ 

I3»|CLT. 2. 4 8 8Gb/sOA:^4i-^0@:^X^ 

— u— hA<i 0 E-93B:t>tf. x = o. 4i3>-e&y. m 

^x^ — U— hA<1 O E-1 O^Ct>tf. X = 4. 0»4i: 

[O O 6 5] -r^Ct^t). 2. 4 8 8Gb/sa>A*<i-^ 
iC^tr. g^X^— U— 1 O E-8|Cl£^L/cli 

1 oa)^zi^7K-r> h<DU^;u*ij^*o. 0 4»p^ 
it) . Z(D=E-^7\^-c>hX{t^ OB-a^mSiX^x 

[0066] LfcA<-3T. 2. 488Gb/sa>A*e 

^(Or^/<^'->{Z$:iL. Si 1 lr:^-rjilSA<1 OE- 

0 4|^rBlx^— TtcL) A^l O E-8 SSISUTl^-S^- 
[0 0 6 7] 7^j<^—>mibmmp^(oi^mmti^ 

1 OE-1 OCD^-f ><t-r*tt^. *IISJi<7>OW&i;* 



LTxB3fc3B:^o 

[OO 6 O] V r e f 2±X^ fiffl t SCDttS^ 

*0^-r ^a^. ii« t 5 ^{iffi t 6 CD L 

»*SO>^y (g5Sj§lSS^S2 5 3b<Wr^) I3»tt 

**L* (0 2 o. 2 1 r*!feia) o 
[006 1] *fz^=.^7K>r>h^s»fT-r€>IR(7>SMI:: 

[0 0 6 2] CZT*. 7<:^m^O^ mmti^ci^x. s@ 

X^-U— h*1 OE-ntf^ft^tf. S^frSffl^X 
[0 0 6 3] 

[»1] 

(1 ) 

— ?feL) A^i 0 E--1 o^m£Lri>-s^— ^7K>r> K 

(1 OE-1 O^n^Ltzm-^iZit. 1 OE-8 
[0 0 6 8] ftfc, mXltmCif^(DT'</i^ — :y±XA 

0E~8a>'7^>t^ OE-1 o(D^-<>*ffil:±^L 

fr;b<. lai 1 >A<1 O E - 8 Oii^ih-r ^ 

3^»:t>l^. 1 OE-1 0<7)T-r/<^~>liC;h.cJ::y ^iHn 

[0069] ^LX. c:<7>ck5?5:g@x^ — u— h(7)^ 
(H-ei±1 OE-1 OiDt^O&m^^mAX'^LXl^ 
[0 0 7 0] 131 2(±A:^^i#)b<«jIK(DT-r^— v> 

^^^^rar-fc^o xtim^t<i&ma>^^. v r e f 

X7^»;;3fli0i 1 <tl^i:/£3&<. ^nx^^:;zfltm^ ia> 
A T J; y 4,{ia>:^^iv A t a ^m^-T^ zitizf^^. 
[o o 7 1 ] ^.tim^iim^om-^izit. t< 

[o o 7 2] ?fefc:^^$oaip]^2 o^*t^-r^. 
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[0 0 7 3] 01 3\t\y^j\^m^mm^&2 2omm^ 

vy-P^VZf i\ckT. FF3. FF4) S^^feHSfO 
*^ (ISIT. EOR2) SS^SDI a. D1 bt^ 

[0 0 7 4] FF3. F F 4CDA:tl7^— ^iSgTlCfi. V 
r e f WCS.^WLZ 1 A^t>i3l<i$*lfcj|llS7'— $r A<A:^ 
FF3(D^P*y^ttT^(zl*. <?nv<?^nWC&^WL 

2 3^^^b3il^i$*l/c^P*>^CK3;b<A:^•r^o ^f:r. 
F F4(D<7P-:/^a5^IZfi. ilS^SDI at?ATSM 
**Lfc^P!y^CK3 dib^A^-r-So LfcA^oT. ^P 
':;>>CK3a><4*e;b^t 1 r-a&tt(S. ^P*>^CK3da) 

[0075] $t>IC. FF3<Dtb^^. ilJ^^SDI b 

(l^(f(7)«±teih) . F F4<Da3:^^effi^^*^-t±'Sc 
•eur. E0R2-eC(D2O(D-x— ^<DS^teiiSjft3* <!: 

[0 0 7 6] C(DcfcO>S:«l«twJ:y. «.V r e f (DjlS 
^-^Ci^^LT. '^P-:/>><4ffiSS^R2 3 3b^t><4ffi*^ 
IS^^ttfc^ P-:/^ G K 3 (z t irr^lNT. ^:z-$j;K-< > 

35«ss**tfct#fcai»j*4xfc7=-^i*. FF4a)tb* 

[0 0 7 7] .:»|Z<7P-;/^ttfflig^^®2 3lCOt^Tgi 
^■rSo ai 4l±^P':;^ttffiS^^®2 3<D««*^ 
"TBT-fc-So ^P*y^<4^S^^^S2 3(i. ne*yh<D 
*'^>^i23a. ^3 — y23b. 23c. -trU^^2 

3 dA>t>««**LSo nSPA*T?fc§*':;>^jS 

[0078] ^':7>^23a(i. V C P -^/-i? C K 1 

(i. A*fi-§^a)S^^'3llU— hA^2. 48 8Gb/s35: 
*'^7>^ 2 3 a^(DA^^P->^(i. 2. 48 8 

Gb/sa>vco^P':/^CKi A<A:^**i^o 

[007 9] ^fc. ^'t?^^ 2 3 a(7>e'y hfSnfi. V 
CO^P^V^CK 1 OfpI^^'CDl fS^T?a)A^fi#Oei3l 

VCO-S^P-y^CK 1 =2. 4 8 8 Gb/s"e. A*fi 
■^AM 9Mb/s^-tr*?^^(z-r^ii^. VCO-i7P-/ 
^CK 1 * 1 /I 2 S^^-r-Si^M^^fc^aJT-. n = 7 

[0080] 7^13 — ^23b(i. :^^>^fi^®irt<t 

2 3 aCDL o a dffi^'v:7-f — Ky<-:/-2^ LT. 
O^'^' 2 3 aO^:^:^'^> KM (^^it) ^^:^'5>o 
[0081] 7^=3 — y23ctt. 7^3 — ^2 3 biCj: tj 



fiiSM«LT. Ctl^^-S^P^^^CKbirLrail^-r 

[0 0 8 2] -lrU^;^i2 3dtt. -feU^ hm-^(::t<!:-:5 

\:.m.<J>t^o^/oo<pnv<POK^) CKa, 
S^P•y^^CKbO[)l^■f*iA^*a«Lr. a«Lfc-5?P 
'><7*^P'>^CK3i:LT. U^;U*lIS*IJfflI^S2 2 

[0083] C^-e. VCO^P-:;^CK 1 *<2. 48 
8Gb/sT*fcy. A:tlfi^(7>e2IU/— h4i2. 488 
Gb/sOii^ iXt^m^ty OQ^U^yO CKMi'^m 
U— hOii^) . A;U-'i7P*>^CKa3&<a«$4x^« 

x;u— ^p-:;^CKatt. mm&WL&^WiZst^^cnit 
^bLrl^<^p»>^t?&^o 

[0 0 8 4] ^tz. A*^i-^<De3SU— hA<2, 488 
Gb/siiATa)ig'&fcli. i^m<7a^:/^ CKb f)<miR^ 

C^P-y^-Cfc-S^ 

[0085] lai 5-111 8(*^P»>^fi3|BigSCD4''f 
VCO^P'iy^CK 1 A<2. 4 8 8Gb/s(Dl^U— K 

[0 0 8 6] i^u— h^a)afflx-f-3fi±. aji^s^ 

^S2 5;5^>l-:7-b*> KiSg*iJ®t^P'>^^-f 
ailslKl OCD^l^^b^Sl 2IC^^T. VC0 1 3^(D 

[0 0 8 7] Lfzt^-oX^ i^^As amp ^ ^As am 
Q3 2^tl^*h(D^^m: (=AT) tt. A:t»^-^(7>1^ 
^ (4 O O p s) ^3 25^^iflLfc1 2. SpslCT^^o 

j&te. c<7)ii^a)«l*iRi(D^^^7K-i'> hc^aii. t 1 

- t 3 2tii:^OX3 2m&^:Lt\ztj:^, 

[0 0 8 8] mm^Wi^^m2sit. m?Lit. isfflAs 

amp 1 (cfclt^^-^7K-r > hT:COUK;ui^^$3^7 
LfcitSmLfcii^lCii. ^ICiiffiAs amp 2(7>2KJ^ 

^P->^<iia^^^|g2 3TMi. ^^^ttfc(4ffiA s a 
mp 2(Z)X;U— <7 P-/^CK a -izU^ h^f-^lc J: y 
S«?Lr. UKyu^S^ffil#®2 2--2l<i-rSo iSlT. 

[0089] m^ 6li. VCO^P»>^CK 1 3{)<2. 4 
8 8Gb/st:fey. A:^fi^3&<1 . 244Gb/s<Z> 
ii^T*&'& (A*m-^A<1 /2 L/— h) o C:(7>^<D5i'^ 
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-l?!/^ 2 3 aT'i /2«^SS;Ktc»^:^'!7>^fil$i^=i 

[0 0 9 0] -rtj:t>-^. ±0:y^m "O" Ot^iD'rzj 

— Kfiltrfc^iiiaD s amp 1 <7)<7 P »>-:7{i-^^. ijf^ 

"1 " a><h^a>x=i— KfilT*fc§fiffiD samp 

[o o 9 1 1 iacD«^. fiffl;^-r-:^a)^~^SSflBu# 

^J-r (1 --1 e^ffi) fz^LTtt. 7^=1 — ^2 3 

c|::<^y:^j'i7>^fil "o" ^7^3- K Lfc(i4SD s am 

$J6LTs A s a m p 1 A s a m p 3 2 (DfifttXT" 

^^P-y^CKbiiL. CO^^^P^y^CK bS. -fe 
h<i-^|3j:yig»^UT. UK;nH^«»^S2 2^^ 

[0 0 9 2] {iffix>r-:^(D^-^S^^#^^ 

S></ (1-1 ettffl) IC^LTI*. 7^3-^2 3 cic 
<*:y*':7>4'ft "1 " KLfcfiffiD s amp 2 

P*:/^1i-^(::. m^ S'X:m.m\^fz^oU:^Z?-\Lv V^m^ 
SOWS JS LT^ Asamp1'^Asamp32 (7>$SfcX 
7^^:/3fa>{iffi$0< -^LT. C^it><D^P'V^^i^ 
*5i^^<7P-:/^CKbi!:L. C:<7>»^^ P C K b 

-feu^ h<i-^(cj:yg«Lr. u^/i.^PJS*«»¥® 

2 2^i3l^=f -So 

[oo 9 3] ca><fc3l::. A:^m#AW co^ p c 
K1 J:y teu— hOS^Icli. TF^e;^;Hifflx-x-:/ 

[0094] —^5. [gl 7. 1 8I±, VCO^P*;/^C 
K1;&<2. 488Gb/s-e*y. A*«#A<622M 

h) o C(D^(7)^i'^itlil /4-efc^*^t>. :b'i7>^fit 
ffHa(z<i:or. ^2 3 b(7>7^=i-Kfil*SfHaiL. 

*'>>^2 3 a^4ii:^'^>^(Cig^-r-5>o ^LT. 
a— $r2 3cli. 2 3 a-rri /4^^^;h./c^ 

[oo 9 5] 'tfs:t>-^. :b't;>^fS -O" (0^^0)7=^=1 

— Kd-efc-S^iffiD s amp 1 <7>^ P->^«-^. 

^'ffi "1 " a>i!:#a)7^a— Kflt-efc§<ifiD s amp 2 
CD-J^P-v^^fi^. -2" (D<b:^(D7^=i— KM 

"Cfe-SfeffiD s amp 3a)<7P»>^ii#. :*'t7>^fit 
"3" (Dit^iDT^zi— KmT'fci»^SD s amp 4<D^ 
P':/^m-^^^^-ri>o ZOt^zi- Kflla>«yS^(±. 
7^-r v^;H4ffiX7^ ^SiJffiicc J: y fT^o 



[0 0 9 6] @(D«^. ^K7.^-':fa>'r-^mmi / 
4^>r (1 -Biits) iz^LTfi. 7^3— sr 2 3 

clcj:y^'!7>^fi| "O" *7^=i-KLfc&ffiD s am 
p 1 <7>^P-><7ii^*<mi^t»*t^o -tLT. C(Z)^P'> 
^fi^fw. 01 5T-a^Lf=J:55S::t-:?i2'y hilSt!l» 
$^SSLT^ A s a mp 1 — A s a m p 3 2 05 4rB}|!l 
XT-;/:^0lila*O< ^ (As amp 1, 5. 9. 1 
3. 2 9) o ^UT. C:*Vt><7>^P->^<i^*»S 
^P*>^CKb<hL. CCD5^S^P':/':7CKb*. -fe U 

^ h«-^icj:yss^Lr. u^;u*ij^«f|ffli^®2 2^21 

[0 0 9 7] ^fc. ^<D^m:^-C—zf(D^—^mm^/ 
4^-f (i -'8<iie) iz^Lr(i. •xa--$r2 3 

c|Z.fcy:^'i7>^flt "1 " ^T^a-KL/ctefflD s am 
p 2<D^P•>^^i^^fflL^-Se -tLT. C<D^P*:;^<i 
^(-. |gl SX*mmLfz^5tj:^y-\2y hii^MtB^ffi 
LT^ A s amp 1 '-'A s amp 3 2(7)5*>4raPraXT- 
'>7^(Dfiffi*0< ^ (A sample 5. 9. 13. 

2 9) o -^-LT. zLH^o<; uv<7m^^^m<? O 

(i#fZ<i:yS«LT. UK;u:flJ^affi|^®2 2-viil«-r 

[ o o 9 B i JjiT. i^^tfc t^rr Ji y <o<4ffl^^ s 

fzli. :^)'^>^ifll "2" *7^=3-KLfcefflDs amp 
3. i30>^m "3" *7^Z3— KLfcfiWDs amp 4 
^*t^ttlz:?|- :7-tr KIBSSiJffli^Sfi LT^^H^ p C 
Kb^^^-r^o 

[0099] Z(Dcfc5lC. 01 S'-SI 8<D^5UX^ 
m^fi< VCO^P ^CKIJ: y U— h CDii^rc 

c<DU— hic^t&LTT^^r i?^;HiffiX7^*yr^^jffli 
3 2X7^'>3^a)ttffl-e-9->:^y ^y-r^CitT?. -2;p'> 

^|c-r^Ci:)!»^prtlfc«:^o Si 5(DJ:5lw. 

[0 1 0 0] ^izm&mm^n^mz A\z^i\xmm-r 
01 9fi^j^it^ft?t^^2 4<;)ig^^^-r0t?fc 

[o 1 o 1 ] mTcDJtfiS^^ii. =i>7^>-t^cco— 
S^li. ovizSSlL. *fe:froSBT;(ci±. $ij^ifa;F,<7^ 

SW(Z>ife*<D«iFtt. OVJCffifil-r-So X-fy^SWO 
ON/OFFaail±. S3a^SS^®2 5 35xC,H^3F:K 
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[01 02] c::-e. *»JS1saA^i iHiTft "L" (x^ 

^2 5A^t>^S^16^lcx-f *:;5^SW$ON (OVfcS^) 
[0 10 3] g-b'^ h^-<5>^i*. ±i^Lfc^-^7K 

m3<2. 48 8Gb/s-e. agX^— hA<1 O E 

-su^ii^ 'j-te-> h^j-r 5>ya>SMi*o, o4»-e 
fcy. 1 o E-975:t>iio- 4f^^. ioE-id-e&-5 
fte,«4. 08>f::3Sf-So 
[01 04] S:gXv — U— hi 0E-8(D^ 

cD^S^^t?fe^) o. 048>^#^^o c:o'J-l2*:;h 
></<DmmP^\z 1 ST: t x^-A<^^ Ufcli^ic 

li. «a^affi^«2 5tt. *ll^^fa«l#^s2 4A^e, 
x^-fcyo«ffi$-Hn^ic^^jXA/t?. ^(D^-^TK-f 

O. 0 4 8^$»i®LTl^ft<Tt. ^(D^ii^i ^K-f > h 
^3»^tL. 'J-b*y h*2|aiS1faft|#^S2 4fcAN|t^o 
[0 1 0 5]^/i:. eOJO. 0 4 8?JUl^|:ix^— A^'Srlt 
M^>^'jT KUA(cx^-^fL*S#sA,^. 
(7>^-^;K-r>h-^»fTL. *fc-t<07K-f >hT?0. O 
4»(7)SS^fx^»:3o 

[01 06] c:coj:5(c. a:^xv — u— hcfcy tiSt^ 
^i4ffl-v(;>^^T&i;fiJ^m««S^^2 4-vOg-t:*:; h 

[0 1 07] *fzSSi^SS*(|ffii|::ouTiftl3-r^o 0 

2 o 1*^^^ 7K>r > h 1^ > ^ 'J 0) jtt&n^* ^-riar* 

fc^o r^/<^~>a)2S3^^1glrtlC. mi (V r e f A< 
70) . 819 (^n*>^(4«*<90) <D7x9=63<i 

a>^--$i7K-<> «-^-^7K^>Ka) 

2^S1f aii. V r e f *<7' K UX A d fCj^lS L. -i? □ 

[0 10 8] ^^1^. ^--$'7K-r>hP(i.4)C^^^1« 
^(i. TKUXAdOO. -5^ D SCD^^'J^Jg^lCft 

[0 1 0 9] m2^ ttg5S^S^$iJ«H*^-riaT'fc^o 

@2 0|C^Lfc<i:5*>^'JlZ»aL. #V r e f 
<DJi^-iSiLmnO&t. #^ P*V^-t4ffiOX^-feL 

[0110] STMi. ;»^^'J§»*<1 O X 1 olztiL. 



WlMM^^^^Z sit. ^-r. TKUXAdOO- 
Ad0 9SfC. -t+l^tti^— 0-0 9 (Cj^-r -SOW 

(x^— ^cL) *»7LSo :ia>«-&. rKuxAd0 4 

[0111] 7^—- $1 D O - D 9 S(C-^-tt'?:h.T K 

L/XAdoo-Ad0 9ic^^'rsow*ax.^c zom 
7=-4»D5*<8efcy. cc^sa^? p-:/ Steffi i: 

[0112] LtcA^or. T^^-e^>SOS(De«. T 
KUXA d O 4(7)B#0V r e f <DaEE;5^g5iS?5: L ^l>fit 

e f *V r e f KS^®2 1 izaSL. CI<Dt#CD<7P 
*y ^ * -i? p <7 iSffiig^^^ 2 3 ^:zt 

[0 113] ^fz. ftiS^l£S¥S2 5(i. gJl^^TS 
ofc^-^?K^> hO^V r e f P ^{4ffi*fBlt 

L. Weiil^lCttlBiSLfcfia^OV r e f ^ P 

[o i l 4] ^-^--j^m^izm-r^mm^m^^ 
^S2 5a>:^(*$ij<^(zoi\r:7P— h^^c^Tlft 

^■r^o S2 2. 02 3l*7-r*7— v>2fflS<D:7P— ^ 

[S2] ^^ufim (Adoo, DO) ^is^-r^o 

[S3] V r e f 1 i\^m^O> "H" aii) SSS-T 

CS4) ^P'^^fiffl 1 1 *ss-r«o 

[S5] 2}gj^^tS«}#^S2 4(zU-fe'y h*A^lt^o 
[S6] ^~-5^?K>r>h<7)*IJ^tf«A<X^— ;5^$3&^^2N 

Br-r-Sc x^— ftL*iS»tfX7"'v:^s 7^. x^— fcy 
CS7D x^-;S:LSy^'JlcS^iXt,% T.^yZfSQ 

5feXi^':/:/a)^P':/>><iie$i£S-r^ (ii^st+Ax) 
CS 1 o] 1 3Ei<-LIBa>ttffi t N*Si5.fc*^SA^^^ 
©T-r^o m^tzi3:^\t7.^^Jys^ 2^. -€-5"e3S:lt*t 
fix^'>:^s 1 1 ^fT<o 

[SI 1] -><^y«ia*^B-r^ (Ad=^S>S:L. D 

= +1) o :^^v':^S5^m^o 

[S 1 2] ^::^^V'^a>V r e f ^S^f-S (V r e f 
+ AV) o 

CS 1 3] ->t^iJS^S^g-r^ (Ad=+1 . D = 

O) o 
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[S 1 4] V r e f *<±ISa>V r e f NSfflx.fcA>5*^ 
[0 1 1 .5] 3>J(C2f:^0^(7)^3ISSl ^ilfflLfcpfeS^i 

aiizoL%Ti»B-«-r«o ia2 4tt5tafi«(D«/i£*^"r[g 
tffcSo Aa««i 0 014, 5t/ma^sspi 0 1.3? 

-f y >ySP 102, -27P*>^4?^5 ttfflS 1 o 

3 (*^0ja>^7P-/>7^>r s^^ttdiisiKi ofzs 

^) , M±^m&^ 0 4 (*^B^(D^^$IJta)Ielffi2 0|t 

[0 116] 3fe/^m^saji o 1 (4. smLtztftm^ 

-To ^LT, :7-<;p^ '^v^SPi o 2;b^t>ai:^;^tL^(i 
■^S-A:^^i-^<h LT. <7P*;/-:7^-<S>^tttf3Sei 0 3 
SLtX^^ftHW^I O 4-C«aS-r-SC^T% 0/1;6<fiJ^ 

[01 1 7] 5ta«a.i oo(DM#wtLxit. «yx 

agA 1 - A nCD^tfi-^^SiiL. WDM (Wavelength 
Division Multiplex) -&xk(Otzib\Z^^m^^m^m 

[0 118] i>jL±mmLtzJ:5lz^ ^nmiz^tiii. A 

tim^(D^^A\y— hicjs i:t[^^^ p »:/^ ^guifiijiza 

^-U-h(r^-r^g2i'5:§ISiJ^ (mff. <iffi) ^Sli 

[0 1 1 9] *«^a>feaisai **smaic 

[0 12 0] (#151 ) m^(Dm±mm^^5mi^m 
miz^i^x. 7<t^m^<DB^ly—^izi,t':5l^x^ 

h icjs cfc^ p -i? ^ -f s >>>*^ttai-r^^ p 'V <7 

L^^i^K;^^, aaiLyc^P*:/^(0^^gib:^ll2feX>r- 



[01211 (#122) itriH^^p^j/^^^sv^faai 
SKI*, xtim^t^m<?a^:;^ tom^&o^^^kt 

fflimEE(c4,t-:5ixr. p »y ^ ^^S-T^SSftflffli 

^ti^S<l:. »^ltlctt-:5CNr. |iriB(^^^P*>>>* 

»SLrttrlB^>S^p->^*^dE-r^»S^®t. fltriB 
^;^-3^;b<P*>^ttglr*fc^A^S;b^*g^L. Sia^^S 

[01 2 2] (#153) B?rl5<iffiJ±S^SI4. UIEA 

*fg#i3^L. ISIH»S^p*>^<Da:^JiAujx->i?-e 

[0 12 3] (#134) mt^^^mmji^-zfum^m 

mzm^L^ mm7<tim^tmLfzm'^iz[t. mmcou 
mmmim^dw-^it^mizwi^-r^ z: t inmt-r^i^ 

i5 2iHS<D<s3llSac 

[0 12 4] (#IB5) Btll5W^®JfflIIfi|»(*. UIHA . 

itria A t> 7^- ^ ^ ^^-r ^ mEE L # t ^fil U 

^;H£S^Si:. mrlB>>P'>^a>effi*a^-r-i»^P^:/ 

^ttfiS^^Si. KriHjU^T^-^cDBiy^aitriB^- 

<ji^t. WI2^P'y^a>effii:*iiii*x-r— :^*-i±T«i 
#LfrH^^le*IJ^^f^;^l^t.. itrfaT-r/^^-xD^jaMJa 

^^©<h. A^t>«dS**i§Ci:^i^«^-rS#SBllBS 

[01 25] (#15 6 ) miS2 iy^jum'&^m^mt. 
m^mm'r—^iznLx. m<7ov<7^h'jistLfzm 
tit. mmm<7a^y^t:—&^mmi^ts'^fzmm^n^:; 

<?^h*JiStLfztti:ht. 0<i4fi^^t>-febfr^lc. 

t\ lul2^J^'tf«*^«-r^:it*SISi:r-5#lH5iH 

mofiiiisao 

[0126] (#15 7 ) I!ri2fi® ^.as^sii. ftrs 
Atim^omm^'^ iy~[-t Birisf^^-^ p ^ a> u- k 

z>(fmih^&iZ7t 
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<!: -r s 5 Kttoesi^a. 

[0 12 7] (ftss) itriHgiS^is^¥^ei±. itriH 

A*<i-^oeEl U- K A<BuiBI^S8'5' n -J? a> U— h <fc y 
Jt*ax.fc-j7n<v^'«-^*^fiE*-&, A^omrI2-J'P':'-f 

^» p -y p ^ s c 

^7P•:/^'^a^a<Dx•<-:^^^T5ci:$#a«!:■r'5 

[0 12 8] (#iB9) itriBSSjgs£#ai«, miE 

mmo 'J -b h*^T act s^atr «#sb s ssecoe 
[0 12 9] (#isi o) ifriBSii^s:t^s»s fr 

[0 13 0] (#gBl1) ftrlBSiiSSS^SM:. Itr 

[o 1 3 1 ] (#iHi 2) i>riama^i&s^®(±, 5 

■>P-:/-><4ffl*iaiiL. Sei(l^l:;l*iE1iLfcBirf2gS 
^■erotSlHBE L # U^;U&0:|9I2^7 p •> fiffi 1? 

^±mm sfT 3 c A: ^ #« i: -r « #iH 1 1 ffiaoesis 

[0132] (#iB1 3) A*l<l#A^&-J?P^/^'^-r 

s ttaj-r-s -s? □ ^7 ^ -f 5 V'yaai 

r, liri2AAfi-§-<t$)-S^p-y!>i:ro^5Saa)effl*it 

»«ffl=t,A:-3lNT. H»8^7P?»^7*95li-r*mff«lffll 
»®L-CltrlB»^^?P->^7$^fifc-r4»S*Si:, itris 
a;^-7fAtp•y^7«{^n:•fe-5.A^SA^^S^L. ^^^^ 

[0 13 3] (#iEi 4) ?<^m^<on±mmt:f7^ 



K^u^^sfic^i-^ifij^L. fi^^i5A*^l^*^e>a9^T-^I 
Si:. itriHjiST— siro^y^d^E-^TK-f 

[0 13 4] (#1515) ^m^t:S:mLxm±m& 

friHA*«-^i:^Sa3*<ta)<aiBM*<-Slz<f5 J: 5 (= 

ti*B^»a4iifi9**ftv Kriaesiu— hiz)Si:fc-j7P<:;^7 
^i-f 5>^r$ttUi-r-s^p-;'^7^-f s^^^tsaispi. m 

p v t ^ -r — T*"* IK y ■& 5 ^-^t 7t« 

/<$r->(0:&a«J*rtt?«>«tl^— fl*a>«t^|»alJa 
[0 13 5] 
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